Variations in
Introduction
As it was confirmed by several authors, ground beetles as a typical representatives of soil fauna are heavily connected with soil properties. The occurrence and distribution of Carabidae could be especially influenced by pH, sodium chloride and calcium content, numbers of species is perceptive to soil moisture changes (Šustek, 1990; Bezděk, 2001; Rainio and Niemela, 2003; Lovei, 2008; Avgın and Luff, 2010; Koivula, 2011) . Soil moisture, soil structure and temperature, physical and chemical properties, quality and quantity of the organic matter and its availability during the season are strongly affected through the agrotechnical actions. Agronomic technologies, such a soil tillage, cultivation or fertilisation have a significant, although not always positive effect on soil properties. They can stimulate humus degradation, the leaching of nutrients and accumulation of weed seeds, pathogens or pests in soil. Thus the agrotechnical actions indirectly affect the abundance, diversity as well as activity of the Carabidae beetles (Baguette and Hance, 1997; Holland and Reynolds, 2003; Lazzerini et al., 2007; Ivask et al., 2008; Veselý and Šarapatka, 2008; Smith et al., 2009; Sadej et al., 2012) .
Ground beetles and their occurrence across the farmland habitats and in connection to different factors have been studied by several authors: Lovei (1984) , Bukejs and Original scientific paper DOI: /10.5513/JCEA01/19.1.2022 Baranová et al.: Variations in Carabidae assemblages across the farmland habitats in relation... Varvara and Apostol (2008) , Bukejs (2009) , Haschek et al. (2012) monitored Carabidae coenoses in the fields with different crops, Clark (1999) , Döring and Kromp (2003) , Porhajašová et al. (2004 Porhajašová et al. ( , 2008 , Raworth et al. (2004) , Diekötter et al. (2010) evaluated ground beetles assemblages across the arable land under the different farming systems and management characteristics. Occurrence of the ground beetles across the arable land in connection to selected soil properties were evaluated by Holopainen et al. (1996) or Sadej et al. (2012) . Grass fields Carabidae assemblages were studied by Grandchamp et al. (2005) , Humbert et al. (2009) , Tuff et al. (2011) , communities of non crop habitats as hedgerows or windbreaks by Fournier et al. (1998) , Varchola and Dunn (2001) , de la Peña et al. (2003) , Olechowicz (2007) , Šustek (2008) .
Balalaikins (2008),

Materials and methods
The study was carried out in 2010 and 2011 in the Prešov town and its near vicinity, Eastern Slovakia. Three types of habitats most frequently occurring in farmland were studied: arable land (al)- SOal-2010 , TEal-2011 , RUal-2011 , SEal-2011 Carabidae beetles were trapped using three formaline pitfall traps in each site, placed in a line with 25 meters spacing, exposed from May till July, mid of September till end of October and picked up in two to four week period. Material from 36 traps in total here is mentioned. Members of Carabidae family were identified up to species level using key of Hůrka (1996) and the comparative material of The Šariš Museum in Bardejov. Carabidae species were also classified into the groups based on their habitat preferences and ability to fly, the body size was evaluated too (Hůrka, 1996) . At each study site: vegetation cover structure estimated in % of (1) herb layer (0-20 cm above ground), (2) herb layer (20-50 cm above ground), (3) shrub layer (50-400 cm above ground) and (4) tree layer (>400 cm above ground) during the peak of vegetation season were determined (Brändle et al., 2000) and intensity of agrotechnical interventions evaluated as the number of harvesting or ploughing realised during the researched period. Following soil properties were evaluated too: a) soil reaction (pH, determined in 0.01 M CaCl2 using inoLab pH 720 WTW), b) soil moisture, W (%) using gravimetric method, c) bulk density, d (t*m -3 ), d) bulk soil moisture, bulk W (bulk %), e) water retention capacity, WRC (bulk %) and f) soil porosity, Po (%) determined in 100 cm 3 Kopecky´s physical cylinders, g) organic carbon, Cox (%) converted into humus (%) (Fiala, 1999) and h) available phosphorus, P (mg*kg -1 ), i) potassium, K (mg*kg -1 ) and j) magnesium, Mg (mg*kg -1 ) contents evaluated with Mehlich III. Soil samples were taken twice within the growing Original scientific paper DOI: /10.5513/JCEA01/19.1.2022 Baranová et al.: Variations in Carabidae assemblages across the farmland habitats in relation...
season from depth 5-15 cm, in spring and early autumn. For the statistical data processing, average of both values was used.
The number of entrapped Carabidae individuals was standardised per number of effectively used traps and per number of days of exposition. Data was evaluated for the particular sites, then as the average sum for the studied types of habitats, i.e. arable land, meadows and woody vegetation. Except number of entrapped individuals and activity abundance, taxonomic richness as a number of identified species and the relative abundance (r.a.), i.e. representation of particular species and groups within the community were determined too. Assemblages diversity and evenness were assessed through Shannon (H) and Equitability (J) (J=H*log S) indices, dominance through Dominance (D) index. One-way ANOVA was used to analyse differences between the habitat type in the number of individuals, activity abundance, taxonomic richness, diversity, evenness and dominance, species representation, relative abundance of ground beetles' habitat preferences and flying ability groups as well as environmental variables monitored (Hammer et al., 2001) . The data was log-transformed before the statistical analysis. Average values were evaluated using univariate statistics (Hammer et al., 2001) . Species similarity was assessed through Jaccard´s similarity index. The proportional similarity of the communities were assessed through Renkonen index of dominance identity (Losos et al., 1984) . Mutual differences between assemblages based on the different activity abundance were evaluated through hierarchical cluster analysis of similarity, Ward´s method, determined in PAST 2.17c (Hammer et al., 2001) . To assess correlations between the environmental variables, Spearman correlation coefficient determined in STATISTICA 10 by P<0.01; 0.05 was used. Forward Selection function was used for selection of statistically significant variables. The species data were transformed prior to the analysis [log(x+1)]. Those variables that did not fit normal distribution were transformed. Ordination was carried out using Canonical Correspondence Analysis (CCA) using CANOCO software, version 4 (Ter Braak and Šmilauer, 1998) . Only species with weight and fit range from 5-100% were included into the CCA ordination plot figure.
Results
A total of 14,763 ground beetle individuals belonging to 92 species were evaluated (Table 1 The peak of the ground beetles seasonal activity was assigned across the woody vegetation sites in May, till across the meadows and arable land sites in June.
Original scientific paper DOI: /10.5513/JCEA01/19.1.2022 Baranová et al.: Variations in Carabidae assemblages across the farmland habitats in relation... From the studied types of habitats, the highest number of entrapped individuals, highest activity abundance as well as evaluated species was assigned for the arable land. But, the arable land assemblage equally shoved the lowest diversity, evenness and highest dominance. Lowest number of entrapped individuals and activity abundance were assigned for the meadows, the lowest number of evaluated species was evaluated for the woody vegetation. Habitats of meadows and woody vegetation shoved comparable diversity and evenness.
There were no differences between the studied types of habitats in the taxonomic richness, diversity, evenness neither dominance. However, arable land differed significantly in the number of entrapped individuals in comparing to woody vegetation and meadow, as well as in the activity abundance in comparing to meadows (Table 2) , what reflected also in the cluster analysis.
The highest species similarity was observed between the assemblages of arable land and meadows (65%), highest species distinction between the meadows and woody vegetation (43%). Anyway, across each site and habitat type studied, there were the equal species with eudominant, dominant and subdominant representation evaluated. The highest proportional similarity was assigned for the arable land and woody vegetation assemblages.
From the farmland habitat studied, arable land was characterised by the huge representation of dry open habitats species (89.82%) and the lowest average representation of open humid habitats species (6.23%), humid habitats species (3.77%) and silvicolous species (0.19%). In opposite, the lowest representation of carabids preferring dry open habitats without shadowing was assigned for the woody vegetation (56.39%). The habitat equally shoved the highest r.a. of species preferring humid or even forest habitats. The representation of dry open habitat species and humid habitat species varied significantly between the arable land and meadows as well as arable land and woody vegetation (P<0.05; P<0.05; P=0.01; P<0.01). Following trend was observed too: the site RUw-2011 was characterised be the highest representation of silvicolous species and was in the smallest distance from the nearest forest formation. In opposite, at the site SEw-2011, in the biggest distance from the nearest forest formation, silvicolous species absent at all. However, any correlation was confirmed between these parameters. Concerning ability to fly, the lowest average representation of flying species (51.71%) was assigned for the woody vegetation, highest (80.63%) for assemblage of meadows. In opposite, assemblage of woody vegetation shoved the highest average representation of non-flying species (48.3%), lowest representation (19.37%) was assigned for the meadows. No distinction was observed between the habitats in the representation of flying nor non-flying species. Average ground beetles body size increase in sequence m-al-w.
Original scientific paper DOI: /10.5513/JCEA01/19.1.2022 Baranová et al.: Variations in Carabidae assemblages across the farmland habitats in relation... 1-herb layer (0-20 cm above ground), 2-herb layer (20-50 cm above ground), 3-shrub layer (50-400 cm above ground), 4-tree layer (>400 cm above ground), INT-intensity of agrotechnical interventions, W-soil moisture, d-bulk density, bulk W-bulk soil moisture, WRC-water retention capacity, Po-porosity, Cox-organic carbon, P-phosphorus content, K-pottasium content, Mg-magnesium content.
Original scientific paper DOI: /10.5513/JCEA01/19.1.2022 Baranová et al.: Variations in Carabidae assemblages across the farmland habitats in relation... (Table 3) : soil moisture positively correlated with the bulk soil moisture, soil porosity, organic carbon and humus contents, negatively with the bulk density (P<0.01). Equally, negative correlation of the soil moisture, bulk soil moisture and humus content with the intensity of agrotechnical interventions (P<0.05) was observed. Humus content positively correlated with the tree vegetation. CCA analysis confirmed soil moisture (P<0.01) and herb layer (0-20 cm) (P<0.05) significantly affecting variations of ground beetle assemblages across the studied types of habitats. Another best variables selected by the forward selection were intensity of agrotechnical interventions, humus content and shrub vegetation. The CCA ordination plot (Figure 1 ) of the Carabidae species with weight and fit range from 5-100% and 5 environmental variables mostly affecting ground beetles assemblages variability across the studied types of habitats shoved following pattern: group of eleven mezohygrophilous, non-flying, silvicolous species preferring continuous forest stands, stable and natural habitats, was ordinated with the vector of humus, soil moisture and shrub vegetation. Although soil moisture neither humus correlated with the shrub vegetation, their highest values were assigned just across the shrub dominated sites. Except Calathus melanocephalus and Carabus cancelatus, species had the highest representation across the woody vegetation. Eight, xero till mezohygrophilous, macropterous species typicaly inhabitating fields, meadows or ruderals with herbage cover without any tree or shrubs, or indifferent to vegetation cover were ordinated to the vector of herb layer (0-20 cm) and had mostly the highest representation across the meadows. Exception concerned Leistus ferrugineus, mezohygrophilous species preferring herbage cover with dispersed group of trees and shrubs and Pterostichus strenuus, strongly hygrophilous species. Two species, Calathus fuscipes and Cylindera germanica were ordinate to the vector of intensity of agricultural interventions. Group of thirteen, mostly dry open habitat species, which dominated arable land was not directly ordinate to any of environmental variables monitored. The CCA ordination plot of the Carabidae species (Figure 2) is shoving the association of the habitat specialists -silvicolous species preferring continuous forest stands and association of the woody vegetation sites to the vector of shrub vegetation. Equally, the association of the particular study sites of the same habitat type to each other could be observed. Little exception concerned site SEal-2011 as well as SEw-2011. 
Following correlations were observed between the environmental variables
Discussion
Assemblages composition
Eudominant, dominant and subdominant species in this study, Poecilus cupreus, Pterostichus melanarius, Pseudoophonus rufipes, Brachinus crepitans, Anchomenus dorsalis and Poecilus versicolor were confirmed as the typical inhabitants of the various farmland habitats by the several authors too: Rivard (1966) , Lovei (1984) , Porhajašová et al. (2004) , Bukejs and Balalaikins (2008) , Porhajašová et al. (2008a, b) , Bukejs (2009 (Hůrka, 1996; Šustek, 2004) . Contrary to their bionomy, species were confirmed as the dominant species even across the woody vegetation. According to Lovei (2008) farmland habitats can overlap and strongly affect each other. According to local conditions, they just change their range in particular assemblages (Porhajašová et al., 2008b) . No significant differences were confirmed between the studied types of habitats in the taxonomic richness, diversity, evenness or dominance. Only significant distinction concerned the number of entrapped individuals and activity abundance. Nevertheless, some regular trends were observed: arable land was characterised by the huge number of individuals entrapped, the species richness exceeded those of the semi-natural habitats included in the study. But, assemblage had the lowest diversity, evenness and highest dominance. The strong anthropogenic disturbances repeated periodically during the growing season support the survival of the fast-dwelling zoophagous groups, i.e. massive dominance of Carabidae family able to avoid the detrimental effect of the agrotechnical actions. Arable land ground beetle community is then characterised by the dominance of low number of euconstant species with eudominant and dominant representation and huge number of individuals entrapped (Baguette and Hance, 1997; Fournier et al., 1998) . Community is supplemented by high number of additional, accidentally occurring species with the subdominant, recedent and subrecedent representation and low number of individuals entrapped. The assemblage is low diversified and with the low evenness. The exception concerned site SEal-2011, when assemblage shoved the diversity and evenness comparable to those of meadows and woody vegetation sites could be explain as follows: across the site, the traps were placed in very close proximity to electric pylons, trying to avoid the so-called "lost of traps" in the homogeneous arable land and damage to them caused by ploughing or harvesting. Because of practical reasons, these agricultural actions could not be provided near the bottom of the pylons. So there remain small a-spots with proved vegetation. Such a micro habitat can provide environmental conditions similar to those of semi natural and natural habitats, for example field boundaries or woody vegetation, thus supporting survival of more stenotopic species or habitat specialists. Then, dominance is distributed between the higher number of taxa, community became more diversified and with the high evenness (Baranová and Fazekašová, 2012) . This phenomenon could be used also to explain remarkable high activity abundance of Leistus ferrugineus, mezohygrophilous species preferring herbage cover with dispersed group of trees and shrubs recorded across the meadow site KAm-2011. Quantitative representation of the Bembidion tetracolum, Brachinus crepitans, Nebria brevicollis, Platyderus rufus, Pterostichus anthracinus, P. niger, P. oblongopunctatus and P. strenuus across the Site TEw-2011 was probably caused by the site position within the moistened terrain depression.
Concerning habitat preferences, ability to fly and body size, obtained results are in accordance with following conclusions: flying ability and ecological tolerance are the important factors affecting the ground beetle species intro mission into the strongly disturbed habitats (Šustek, 1981) . The agrotechnical actions apparently conform the species with the high dispersability, preferring habitats with low humidity of environment (Holland and Luff, 2000; Rainio and Niemelä, 2003; Porhajašová et al., 2004) . Arable land and meadows assemblages are then characteris ed by the number of small macropterous generalists. With the decreasing measure of anthropogenic interventions, number of large and wingless habitat Original scientific paper DOI: /10.5513/JCEA01/19.1.2022 Baranová et al.: Variations in Carabidae assemblages across the farmland habitats in relation... specialists increase (Ishitani et al., 2003; Rainio and Niemela, 2003; Small et al., 2003; Magura et al., 2008) . Woody vegetation apparently supports the survival of more stenotopic species (Fournier et al., 1998; de la Peña et al., 2003; Olechowicz, 2007) and its contribution to farmland diversity is higher than those of grass fields or arable land (Varchola and Dunn, 2001) . Woody vegetation may also serve as very important over wintering site, spring refuge for Carabidae and so supply ground beetles during the early growing season (Pfiffner and Lukka, 2000; Varchola and Dunn, 2001; Maudsley et al., 2002) . That could partially explain the phenomenon concerning the drift of seasonal activity recorded in this study.
Environmental variables
CCA confirmed variations in the ground beetles' assemblages between the studied farmland habitats in relation to soil moisture and herb layer (0-20 cm). Although any significant distinctions were confirmed between the habitats in the soil moisture, following pattern was observed: the woody vegetation proved the highest soil humidity, soil moisture decrease toward to meadows and arable land consequently. Equally, it was confirmed, that the soil moisture decrease as the intensity of agrotechnical interventions increase. Thus the harvesting or ploughing expose the present soil fauna to risk of desiccation (Barker et al. 1999) . Nor significant correlation between the vegetation cover structure and soil moisture neither significant differences between the habitats in the vegetation cover were observed. But, it is without doubt, that the vegetation cover structure apparently affects the soil moisture. Arable land is after the crop without the permanent plant coverage throughout the most part of the year. Crop-plant cover changes its structure during the growing season, thus, the soil shadowing, heating and water evaporation change dramatically. In opposite, the soils under shrubs acquired and retained soil moisture resources more efficiently than the other cover types (Wang et al., 2012) . Then, woody vegetation support more efficient shadowing, reduce evaporation and soil heating (Šustek, 2004) . Although any correlations between the environmental variables and the coenological characteristics were observed, Shannon index indicating, that the non-crop, woody vegetation habitats with the highest soil moisture, water retention capacity, bulk soil moisture, porosity, organic carbon and humus content and in opposite with the lowest intensity of the agricultural interventions had the highest diversity (Veselý and Šarapatka, 2008; Sadej et al., 2012) .
Conclusions
The soil moisture is found to be one of the main factors affecting carabid adults as it was confirmed in this study too. Also it is obviously in this case, that the humidity affects the variations in the Carabidae assemblages across the studied types of farmland habitats in complex with the vegetation cover structure and intensity of agrotechnical interventions. Equally, it could be concluded, that the other from selected soil properties have just secondary meaning for distribution of the adult carabids across the arable land, meadows and woody vegetation. Obtained results also indicate, that the environmental variables have the strongest effect on those of Original scientific paper DOI: /10.5513/JCEA01/19.1.2022 Baranová et al.: Variations in Carabidae assemblages across the farmland habitats in relation... ground beetles, which have the special requirements to the environment quality, i.e. habitat specialists. Whereas the generalist carabids seem to be affected by the environmental variables studied just little. It enables them to occupy wide spectrum of habitats with different quality and to dominate across the most of farmland habitats. Whereas the agricultural land is characterised by the huge dominance of small macropterous generalists, the large wingless habitat specialist survives within the rest of the natural and semi natural, non-crop habitats. The detailed understanding of soil fauna distributions across the farmland habitats might be used for: more effective management leading to higher level of farmland diversity, minimisation of the detrimental effects of agricultural interventions on edaphic fauna, optimisation of the non-crop habitats management, for manipulation of agricultural landscapes in ways that enhance of population size and survival and benefit predatory invertebrates by providing alternate food sources, over wintering sites and refuge from farming activities.
